Ca2+ and pH responses to sequential additions of mitogens in single 3T3 fibroblasts: correlations with DNA synthesis.
The progression of Swiss 3T3 fibroblasts from the quiescent state (G0) through G1 to DNA synthesis in S phase generally requires the synergistic action of two mitogens. The main aim of this study was to compare systematically the early Ca2+ and pH responses in quiescent cells to all of the pair combinations of eight mitogens (bombesin, platelet-derived growth factor, vasopressin, prostaglandin F2 alpha, epidermal growth factor, 12-O-tetradecanoyl phorbol-13-acetate, insulin, 8-bromo-cAMP) with their subsequent effects on DNA synthesis. Each of the mitogens which caused inositol phosphate accumulation (bombesin, platelet-derived growth factor, vasopressin, prostaglandin F2 alpha) also activated Ca2+- and phospholipid-dependent protein kinase (protein kinase C) and generated both the Ca2+ and pH responses, although epidermal growth factor also generated the ionic responses without causing release of inositol phosphates or activation of protein kinase C. For sequential mitogen additions the ionic signals were measured in single cells as well as in cell populations to avoid ambiguities due to heterogeneity in the responses of the cells to the various mitogens. The modulating effects of the mitogens on the [Ca2+]i responses to subsequent mitogen additions varied widely, but detailed comparisons showed that the pattern of blocking effects could not be attributed solely to the effect of the first mitogen causing either maximal breakdown of phosphatidylinositol 4,5-bisphosphate or complete depletion of the intracellular Ca2+ pool or activation of protein kinase C. From these analyses it was concluded that the requirement for two mitogens for effective DNA synthesis could not be attributed to the summation to a critical threshold of either the ionic signals or phosphatidylinositol 4,5-bisphosphate breakdown, and that these responses are insufficient by themselves to cause the cells to progress to DNA synthesis in S phase.